Objective: To analyze the association between physical activity, participation in Physical Education classes, and indicators of social isolation among adolescents. Methods: This was an epidemiological study based on secondary analysis of data from a representative sample of students (14---19 years) from public high schools (n = 4,207). Data were collected through the questionnaire Global School-based Student Health Survey. The independent variables were the level of physical activity and enrollment in Physical Education classes, while the dependent variables were two indicators of social isolation (feeling of loneliness and having few friends). Descriptive and inferential procedures were used in the statistical analysis. Results: Most of the adolescents were classified as insufficiently active (65.1%) and reported not attending Physical Education classes (64.9%). Approximately two in each ten participants reported feeling of loneliness (15.8%) and, in addition, about one in each five adolescents reported have only one friend (19.5%). In the bivariate analysis, a significantly lower proportion of individuals reporting social isolation was observed among adolescents who referred higher enrollment in Physical Education classes. After adjustment for confounding variables, binary logistic regression showed that attending Physical Education classes was identified as a protective factor in relation to the indicator of social isolation 'having few friends,' but only for girls.
Introduction
Social isolation is the state in which the individual has little contact with other individuals, has a minimum amount of social contacts, as well as difficulty maintaining these relationships, whose quality is also a problem. 1 Social isolation is particularly seen as a problem of the elderly; 2---5 however, it is also observed that social isolation can negatively affect the lifestyle of adolescents. 6 A longitudinal study carried out in 2006 with New Zealander children (n = 1,037), followed from birth to adulthood, found that exposure to social isolation in young individuals can be a predictor of chronic degenerative diseases in adult life. 7 Moreover, there is evidence in the literature that socially isolated adolescents may adopt health risk behaviors, such as excessive exposure to a sedentary lifestyle and reduced physical activity levels. 8, 9 The study conducted by Gonçalves et al. 10 with adolescents indicated that physical activity levels were greater with the increasing frequency of meetings with friends after school.
Physical activity can directly affect social development; 11 however, social isolation is considered one of the main barriers to physical activity among adolescents. 12 Additionally, available studies concurrently indicate that adolescents who are physically active also tend to have active friends. 13---15 In the international literature, few studies have focused on the association between physical activity analysis and participation in Physical Education classes with social isolation indicators 16, 17 and those available were performed in adults; in the national literature, the available data is still scarce. 12 Despite the existing knowledge gap, it is plausible to admit that physical activity and Physical Education classes can be an opportunity to increase social interaction and reduce social isolation, but this hypothesis needs to be further investigated.
Considering the above, the aim of the study was to analyze the association between the practice of physical activity, participation in Physical Education classes, and social isolation indicators in adolescents.
Methods

Design
This was a cross-sectional, epidemiological study, based on the secondary analysis of data from a statewide and schoolbased survey entitled ''Lifestyles and Health Risk Behaviors in High School Students in the State of Pernambuco.''
Target-population and sample
Considering all the administrative regions (federal, state, municipal, and private), students enrolled in public schools represented approximately 80% of the total in the entire state at the time.
The following parameters were used to calculate sample size: population estimated at 353,000 students; confidence interval of 95%; statistical power of 80%; maximum tolerable error of 3%; and, as the extent of the assessed problems in the population under investigation was not precisely known, the estimated prevalence was settled at 50%. The sample calculation allows the statistical tests applied as association measures to detect statistically significant OR values of 1.75 or higher, considering a 95% confidence level. Analyses were limited to high school students from public state schools in Pernambuco (n = 4,207, 14---19 years).
It was sought to ensure that the sample represented the target population, considering their distribution according to geographic region, school shift (daytime and nighttime), and size of the school (small, with fewer than 200 students; medium, with 200---499 students; and large, with 500 or more students). Students attending school in the morning and afternoon were grouped into a single category (daytime students). The regional distribution was observed by the number of schools in each of the 17 Regional Management Departments of Education Secretariat of the State of Pernambuco.
Sample selection was performed using the conglomerate sampling method in two stages, in which the ''school'' and the ''class'' represented, respectively, the sample units in the first and second stage. All public state schools that offered regular high school education were eligible for inclusion in the study. In the first stage, the density of the schools in each state micro-region according to school size was used as stratification criterion; thus, more schools were proportionally drawn in the microregions where the density was also higher. In the second stage, the density of classes in the selected schools, per school shift, (daytime and nighttime) was considered a criterion to draw those in which the questionnaires would be applied. All students from drawn classes were asked to participate in the study, regardless of age. After they were applied, the questionnaires answered by students older than 19 and younger than 14 years were excluded.
The study was conducted from April to October 2006. Data collection was performed by a previously trained team, consisting of six graduate students, following a standardized data collection protocol. The questionnaires were applied in the classroom and the subjects were continuously assisted by two supervisors who clarified doubts and assisted the students with completing the information.
Tool and measurements
The questionnaire used was a translated and adapted version of the Global School-based Student Health Survey, proposed by the World Health Organization (WHO), in collaboration with other entities. The tool was previously tested in two municipal schools in the city of Recife, with a sample of 122 adolescents. Reproducibility indicators (consistency of testretest measures) were moderate to high in most items of the tool and the agreement coefficient (kappa) varied from 0.52 to 1.00.
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Study variables
Data on social isolation indicators were obtained through two questions from the ''feelings and relationships'' module of the tool: ''Over the last 12 months, how often did you feel alone?'' (Answer options = never, rarely, sometimes, most of the time, and always) and ''How many close friends (people you can count on if you need them) do you have?'' (Answer options = 0, 1, 2, 3 or more friends). The first indicator of social isolation, called ''feeling of loneliness'', was derived from the first question and those participants who reported feeling alone ''most of the time or always'' were considered exposed to this indicator. The second indicator was ''having few friends'' and those participants who reported having ''none and up to one friend (0---1) were considered as having few friends.
The level of physical activity was determined by the number of days a week on which students reported practicing moderate to vigorous physical activities, for at least 60 min. Students who reported participating in physical activities at least five days in a typical week were classified as physically active, while the others were classified as insufficiently active. 19 As for participation in Physical Education (PE) classes, subjects were classified into two groups (participants/nonparticipants); the participants were those who reported participating in at least one PE class per week. 20 The following variables were considered as potential intervening factors (confounding factors and effect modifiers): gender (boys and girls), age (14---16 years, 17---19 years), area of residence (urban, rural), ethnicity (white, non-white), maternal educational level (≤8 years, 9---11 years, and 12 years or more of schooling), school shift (daytime, nighttime), and excess weight (yes, no).
Data tabulation and analysis
The tabulation procedure was performed using EpiData software (Data Management and basic Statistical Analysis System, version 3.1, Odense, Denmark), using electronic procedures for amplitude control and consistency in data entry. Double entry was used to provide data entry consistency. All identified typos were corrected.
Data analysis was performed using SPSS for Windows (SPSS Inc, 2007, SPSS for Windows, version 16.0. Chicago, USA), using descriptive and inferential statistical procedures. The bivariate analysis used the chi-squared test and the chi-squared test for trend (in case of variables in ordinal scale). This procedure was used to compare the prevalence of social isolation indicators in relation to the category of the independent variables.
Binary logistic regression was used in the multivariate analysis stage, considering as outcomes: (1) feelings of loneliness (most of the time or always); (2) having few friends (0---1 friends). Data were adjusted for ethnicity, age range, maternal educational level, area of residence, school shift, and excess weight, as well as for other factors included in the study as independent variables, stratified by gender. A hierarchical model of association between variables was used to establish the entry order of the variables (Fig. 1 ). In the final regression model, factors whose p-value was <0.05 were considered significantly associated.
Ethical aspects
The study protocol was approved in 2005 by the Ethics Committee on Human Research of Hospital Agamenon Magalhães (Recife, PE, Brazil). All guidelines established in resolutions 196/96 of the National Health Council were observed in the development of this study. The passive parental consent form was obtained from the parents or guardians of students younger than 18 years and directly from the students aged 18 or older; personal data confidentiality was assured.
Results
A total of 76 schools were visited (approximately 11% of state public schools) in 44 municipalities in the state of Pernambuco, Brazil (approximately 23% of all municipalities). Of the total number of students who were enrolled and present in the classes drawn at the time of the visit for data collection (6,114), 83 refused to participate (1.9% of refusals) and 1,824 were excluded because they were outside the age group.
Therefore, the final sample (n = 4,207) represents 99.8% of the initially predicted number (n = 4,217) and had the following demographic characteristics: 59.8% were females, 58% were aged between 17 and 19 years (mean 16.8 years; SD = 1.4), 74.8% were non-white, and 78.9% lived in urban areas. Table 1 shows other demographic and socioeconomic characteristics of the sample segmented by gender.
Of the total study participants, in relation to physical activity practice, 65.1% (95% CI: 63.7% to 66.58%) of the adolescents were classified as insufficiently active and 64.9% (95% CI: 63.42% to 66.31%) reported not participating in PE classes.
Regarding the social isolation indicators, of the total participants, 15.8% (95% CI: 14.7 to 16.9) of the adolescents reported feeling lonely and 19.5% (95% CI: 18.3 to 20.7) reported having few friends. The proportion of adolescents, when separated by gender, who reported feelings of loneliness was significantly higher (p = 0.001) among girls (18.7%; 95% CI: 17.2% to 20.3%) when compared to boys (11.4%; 95% CI: 9.95% to 13.0%). Similarly, the distribution of subjects who reported having few friends was statistically superior (p = 0.045) among girls (20.5%; 95% CI: 18.9% to 22.1%) when compared to boys (17.9%; 95% CI: 16.1% to 19.8%).
In the bivariate analysis, it was observed that the ''feeling of loneliness'' was associated with participation in Physical Education classes (p = 0.012), but seems to be an independent factor from the physical activity level (p = 0.913) among girls. It was also identified that the ''having few friends'' indicator was also associated with participation in Physical Education classes for both genders (p = 0.001) and a higher proportion of adolescents that reported ''having few friends'' was found among those who did not attend PE classes, as shown in Table 2 .
In the binary logistic regression, the crude analysis of variables showed that the ''feeling of loneliness'' indicator was associated with participation in Physical Education classes (p = 0.010) among girls. The crude analysis also showed that the ''having few friends'' indicator was associated with participation in Physical Education classes (p < 0.05). After adjusting for potential confounders and effect modifiers (intervening variables), it was observed that the ''having few friends'' outcome remained associated with participation in Physical Education classes (p = 0.025), but only among girls. Participation in Physical Education classes was identified as a factor associated with a 24% lower chance of having few friends (Table 3) . 
Discussion
The main finding of this study was to identify that participation in Physical Education classes is associated with lower social isolation in female adolescents. Girls who participated in one or more Physical Education classes a week, when compared to those not participating, were less likely to have few friends. The findings reported in this study should be interpreted in view of some methodological limitations that must be considered. The variables expressing social isolation were obtained from self-reported measures and, thus, are subject to response bias. This limitation was attenuated by using a tool that has been previously tested (pilot) and showed good test-retest consistency indicators.
Another limitation that needs to be emphasized is the time lag between data collection and study completion (approximately eight years). The abovementioned time gap requires that the prevalence reported in this study be interpreted with caution. However, it is emphasized that the primary objective of this investigation was not to describe the prevalence of the factors of interest, but to analyze the association between them. In this sense, it is believed that any fluctuations in the prevalence measures that might have occurred during this period in no way affect the quality of the data toward supporting the proposed association analysis.
It is also noteworthy that most similar studies have been carried out with the elderly. 1---5 The emphasis on studies assessing the elderly is due to the hypothesis that aging is a process that leads to decreased social ties. 21 In this sense, few studies have been performed to investigate social isolation in adolescents, 6---8,12,22 as this is a more contemporary phenomenon that only now has started to attract the interest of the academic community, due to the potential effect on young individuals' health.
In spite of the limitations, it is important to observe some positive aspects regarding the data used to carry out this study. In this sense, the statewide survey characteristic and the inclusion of adolescents living in both urban and rural areas is emphasized. Another fact worth mentioning is the inclusion of a sample of students enrolled in both daytime and nighttime school shifts.
The school is seen as the ideal environment for the incentive and intervention associated with physical activity, and Physical Education classes seem to have a key role in this scenario. Although they spend much of their daily time at school, 23, 24 studies indicate that most adolescents do not participate in PE classes. 20, 25, 26 One possible explanation for this low level of participation may be the dissatisfaction related to the activities offered in class and/or students' lack of interest in relation to the contents that are taught. 23 Regarding the association between participation in PE classes and social isolation indicators, there are few similar studies whose results can be compared to those reported in this study. What is the mechanism that would explain the lower chance of having few friends among adolescents that reported participating in PE classes? Although the possibility of reverse causality bias cannot be ruled out, one explanation for this finding may lie in the fact that the classes constitute an opportunity for social interaction and formation of friendship ties. Another potential explanation was shown in the study by Marzineck 27 with adolescents from the third year of elementary school and high school, which showed that the main motivation for participating in Physical Education classes reported by the adolescents was that it was a time to ''be with friends.'' Santos et al. 12 observed that among participants selected from Physical Education classes, social isolation was one of the main reported factors for not engaging in physical activities. In a longitudinal study carried out in Michigan (United States), with 900 high school students, it was observed that those who were involved with sports practices ---a typical and quite frequent content of PE classes ---showed lower levels of social isolation, 28 consistent with the findings reported in this study.
It is also emphasized that, in the present investigation, physical activity practice was not identified as a factor associated with social isolation indicators, a finding that differs from the results reported in some studies. For instance, Sallis et al. 29 indicated the existence of a strong association between physical activity and friends' social support. This evidence was confirmed in the longitudinal study carried out with adolescents in Pelotas, which showed there is an inverse association between physical inactivity prevalence and the number of days a week when the adolescents meet friends. 10 In adolescents, social isolation is associated with internet overuse, 8 body dissatisfaction due to overweight or obesity, 22 and few opportunities for social interaction. 6 Therefore, it is not implausible that greater participation in Physical Education classes and more physical activity practice can reduce social isolation. However, the findings reported in this study only partially support this hypothesis. It is necessary that the practice of physical activity within the school environment be considered an important mechanism for this specific population and an inseparable part of the overall educational process, as the effective participation of adolescents in Physical Education classes allow them to decrease exposure to health risk behaviors 30 and attenuates social isolation at this phase of life.
The present study concluded that participation in Physical Education classes was identified as a protective factor for social isolation (having few friends) among girls. Regardless of gender, the level of significance and the amplitude the confidence intervals of the association measures suggest that participation in Physical Education classes seems to be a factor associated with social isolation indicators among adolescents. Considering the possibility of bias inherent to cross-sectional studies, a cause-and-effect association cannot be inferred, which is why it is believed that prospective studies should seek to confirm whether participation in Physical Education classes is effective in reducing social isolation.
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